Technological advances have increased the availability of interferons for clinical use. Interferons are produced by recombinant methods or from industrial scale cell culture. Interferon alpha has proven to be an effective therapy in chronic viral hepatitis and is also effective therapy for certain malignancies, for example, hairy cellleukaemia. Interferon gamma and beta are not yet fully established as antiviral agents.
Interferon alpha has a direct antiviral activity and interferes with viral protein synthesis by the 2,5 oligoadenylate synthetase pathway. In addition interferon has important immunomodulatory effectsstimulating natural killercellactivityand enhancing the cytotoxic cell response by increasing expression of major histocompatibility complex (MHC) class 1 display.
CHRONIC VIRAL HEPATITIS

Hepatitis B
Chronic carriage of hepatitis B virus (HBV)can lead to death from cirrhosis or hepatocellular carcinoma'. The aims of therapy are to reduce the infectivity of the patient, to reduce liver inflammation and to prevent the long term sequelae. Interferon has been used since 19762 but it is only in the last few years that the more effective dosage regimens have become established.
Typically patients considered for antiviral therapy would have a history of more than 6 months HBe antigenaemia. Patients who are HBe antigen negative but who have deranged liver function should also be screened for continuing viral replication as it would seem that there is a small group of patients with a mutant form of the virus-with ongoing replication and risks of chronic liver disease despite having anti-HBe antibodies. The presence of HBV viral DNA in the serum or core antigen in the liver biopsy would suggest this possibility and such patients should also be screened for delta (HDV) infection.
The usual regimen would be interferon alpha 10 MU/m 2 administered subcutaneously thrice Correspondence to: Dr ) Main weekly for 3 months'. Most patients can safely self-inject after a short period of instruction. Initial side effects, including influenza-like fever and myalgia, are less with subsequent doses of therapy and if necessary can be ameliorated with paracetamol. Haematological monitoring is required as leucopenia or thrombocytopenia may develop, however this resolves on dose reduction or a brief cessation of therapy. Patients should also be warned about the transient and mild hair loss. The current success rate (clearance of HBe antigen) is about 40%4 and host factors which predict a good chance of response include biochemical or histological evidence of increased inflammatory activity, history of an acute hepatitic illness, low baseline viral DNA levels'' and adult acquired infection. Patients with vertically acquired infection, low baseline transaminase values, minimal liver disease or HIV seropositivity are much less likely to respond to interferon.
Similar results are reported with both recombinant" and lymphoblastoid interferons and relapse after viral clearance is very unlikely. Sequential liver biopsies in successfully treated cases show a decrease in inflammatory activity? and it is hoped that such patients will avoid the long term sequelae of HBV.
Inhibition of viral replication is seen initially in most patients. In those patients who dear HBV, a surge in transaminase val~es~seen~-8 weeks.~~r commencing therapy. ThIS biochemical hepatitis IS thought to represent immune lysis of infected hepatocytes. Hepatocytes usually have very little MHC Class I display and it is thought that the enhanced display induced by interferon encourages host recognition of infected hepa~ocytes. In successful cases patient~lose HBe a.nhgen and produce anti-HBe antibodies. Those WIth a short history of viral carriage may also lose HBs an!igen but in~ore chronic carriers HBs anngenaemia may persIstpossibly because of viral integration within the ho~t genome. Where the viable liver cell mass IS considerably reduced, as in patients with cirrhosis, the hepatitic response may prove fatal and long term, low dose interferon therapy is suggested for this group'', Pretreatment with corticosteroids has been tried in chronic HBV infection but the trials have yielded similar seroconversion rates as interferon alone 9 ,1O. This treatment also is potentially fatal .for the patient with compromised liver fu~ct~on1o. Co~bination of steroid pre-treatment with Interferon IS one of the few regimens which has been associated with HBV clearance in HIV-pos~t~ve pat~ents. In Perrillo's study", 2 of 3 HIV positive patients cleared HBV with this regimen. Both had CD4 counts greater than 500/mm 3 but immunosuppressive therapy is not without its concerns in this group.
Interferon alpha is now licensed for use in chronic HBV inf~cti?n in the United Kingdom. Initially therapy IS likely to be administered in specialist units and it may be restricted to those who have a high chance of response. Although therapy may seem an expensive option the costs are likely to be much less than the possible supportive care required for the patient with end stage liver disease.
Delta hepatitis
Superinfection of a chronic hepatitis B carrier with the delta agent (HOV) can lead to aggressive hepatitis and rapid development of cirrhosisl". Interferon alpha can inhibit viral replication (as measured by the serum HDV RNA) in many cases with associated fall in the transaminase value and improvement of liver histologyt-. Unfortunately there is a very high relapse rate. Some patients may benefit from long term therapy but whether lifelong therapy is practicable for many patients remains to be determined.
Hepatitis C
Hepatitis C virus (HCV) accounts for more than 90% of post-transfusion hepatitisv' with a 50% risk of chronic liver disease-s, HCV probably also accounts for many sporadic cases of non-A, non-B hepatitis. It is commonly found in intravenous drug users and patients with haemophilia and there is increasing evidence for sexual transmission15.
Controlled trials 16,17 have now confirmed that interferon alpha does benefit many patients with chronic HCV infection. The most effective dosage regimen has not yet been established but response rates as high as 46% have been recorded following a 6-month course of recombinant interferon alfa at a dose of 3 million units given thrice weekly-". However half the patients relapse after cessation of therapy and again long term therapy may be advocated for some patients. The use of interferon is likely to be approved for chronic HCV in the near future as it seems the only beneficial treatment available. As yet we have only a limited number of viral markers for HCV and it is hoped that when we have markers of viral replication rather than simply antibody markers for past infection that this will simplify antiviral trials.
HIV INFECTION
Interferon alpha has a direct anti-HIV effect in vitro 18 and the antip.rolifera~ive effects were rapidly found to be useful In treating Kaposi's sarcoma'", The cytokine milieu in HIV infected patients is comple~however, both in terms of cytokine production and response. HlV infection is associated with the production of an acid labile interferon-? a~d this. can b~inhibited in vitroby the addition of zidovudine to tissue culture. The levels of acid-labile interferon increase with disease progression and production of anti-interferon antibodies has also been reported especially during late stage disease": In cell culture acid labile interferon induces the synthesis of tumour necrosis factor (TNF)22 which sensitizes blood monocytes to endotoxin stimulation and it is postulated that these phenomena may be important in the development of the wasting syndrome and in the pathophysiology of sepsis in AIDS patients. It is thought that production of large quantities of acid labile interferon may lead to downregulation of interferon receptors and possibly impair the response to both endogenous and exogenous interferon.
Asymptomatic patients
It was apparent from trials of interferon for KS that interferon had antiviral and antitumour effects. The results of interferon treatment for asymptomatic disease have been variable. In one of the larger and more recent studies-', 34 asymptomatic, male homosexual, HIV infected patients were randomized to receive placebo or interferon alpha at a dose of 35MU subcutaneously daily for 12 weeks. Although hepatotoxicity and myelotoxicity led to significant dose reductions or even withdrawal from the study there was no progression to AIDS in the treatment group when followed up for 5-33 months compared with 5 AIDS diagnoses in the placebo group. These patients all had baseline CD4 counts of more than 400/mm 3 and whether long term interferon as monotherapy or in combination with zidovudine would be beneficial in this group of patients remains uncertain.
Kaposi's sarcoma Antiretroviral agents such as zidovudine appear to be of no value in treating Kaposi's sarcoma (KS) lesions. It has been assumed that the benefit seen with interferon alpha relates to its antiproliferative rather than antiviral effects. In Krown's initial study'? an objective response rate of 40% was seen and a complete response in 25%. Subsequent studies have shown a dose-related response-s with response rates of 10-40% with doses greater than 20MU daily and less than 10% with smaller doses. Host factors are also important in determining response". Patients with more advanced HIV disease and low CD4 counts or those with extensive visceral disease are much less likely to respond to interferon. Intralesional therapy may be helpful for small cutaneous or mucosal lesions>. As many patients with KS are also prescribed zidovudine, the combined myelotoxicity of the two agents may lead to dosage reductions and this issue was explored in a phase 1 study assessing varying doses of zidovudine and interferon-". The combination therapy was associated with a higher rate of tumour regression than reported in previous studies of monotherapy with these agents and of the 9 patients who had detectable p24 antigen prior to therapy a reduction in antigen levels was seen in 8 suggesting antiviral and antitumour synergy.
HIV and thrombocytopenia
HIV associated thrombocytopenia usually responds to zidovudine therapy. Interferon may be useful-" if zidovudine is not tolerated or the patient fails to respond. Treatment may need to be continued for several years however as thrombocytopenia may occur early in the HIV process and some time before clinically significant immunodeficiency.
BETA AND GAMMA INTERFERONS IN HIV
Beta interferon has been tried as an antiviral and antitumour agent in HIV infection. Trials are at an early stage and it is questionable whether there will be any advantage to alpha interferon.
Gamma interferon is required for killing intracellular pathogens. Its production is impaired in HIV infection-? and it is likely to be used in the future as adjunctive therapy for toxoplasmosis and Ieishmaniasis'v.
ANOGENITAL HUMAN PAPILLOMAVIRUS INFECTION
Interferon has been used to treat both clinical (anogenital warts) and subclinical human papillomavirus (HPV)-associated disease of the anogenital tract (mostly cervical intraepithelial neoplasias).
Subclinical HPV infection
Most studies have involved patients with subclinical cervical intraepithelial neoplasias (CIN). Topical interferon alpha cream is no more effective than placebo when applied to HPV 16 associated CIN lesions'". CIN lesions treated with intralesional (IL)/ perilesional interferon alpha completely regressed in 0-28.6% of cases 32 ,33, compared with 54.5-61.8% treated with IL human interferon beta 34,3S, and 62.5% of lesions treated with IL interferon gamma".
Interferon treatment of subclinical HPV disease of the external genitalia is not well documented; Spirtos reported complete regression of 43% of vulval intraepithelial neoplasia grade three lesions treated with interferon alpha geP7. Vesterinen-f and Yliskokf" found interferon alpha cream ineffective in treating flat vaginal warts.
Anogenital warts
Most investigators have used interferon alpha in therapeutic trials for treatment of anogenital warts as until recently this was the only commercially available recombinantly-produced interferon. Interstudy comparisons are difficult due to variation in treatment schedules, interferon sub-types, and varying definitions of treatment response. In addition some investigators do not distinguish between newly diagnosed (primary) and treatmentresistant (resistant) anogenital warts.
Interferon in treatment of primary anogenital warts
Interferon alpha gel/cream is ineffective when applied to primary anogenital warts 39 -41. Intralesional injection of interferon alpha (usually alpha 2b) into anogenital warts completely cleared 34-53% of injected warts comgared with 14.3-19% of placebo-injected warts 42 -; in some of these studies resolution of non-injected warts also occurred. The recommended IL dosage is 0.1 ml of a solution of one million units of interferon alpha 2b injected into the wart-base (a maximum of 5 warts treated at once) 3 times a week for 3 weeks.
Patients with anogenital warts have been treated with systemic interferon alpha administered either subcutaneously-"46,47, intramuscularlyv, or intra-venously48. Complete clearance of warts was reported in 20-60% of cases, although no ideal dosage/treatment schedules have been determined. Schonfield found interferon beta most effective when administered intramuscularly, reporting complete clearance of warts in 82% of patients after 3 months follow Up49. Fierlbeck'" reported a 55% cure in patients with anogenital warts treated with subcutaneous interferon gamma.
Interferon in the treatment of resistant anogenital warts
Interferon alpha hydrogel completely cleared resistant anogenital warts in 71% of patients in one study'" but in another study was no more effective than placebo cream 52. Various interferons have been injected IL into resistant anogenital warts including interferon alpha 2b 53-ss, interferon alpha nl 54 , interferon beta 54 , and human interferon'<". Therapeutic response was not related to interferon type and ranged from 47% to 62.5% complete resolution of both injected and non treated warts, compared with 14-22% clearance of placebo-injected warts.
Interferon alf.ha given systemicalll either sub-cutaneouslySl,S 61 intramuscularly6, or intravenouslys" produced complete resolution of resistant warts in 11.1-100% of patients. Ideal dosage/treatment schedules for systemic interferon treatment of resistant anogenital warts have not been determined. In most studies side effects limit the interferon dose to a maximum of 5 million units/metre square/injection. Some authors suggest high dose interferon alpha is no more efficacious than low dose therapy58,63; another study reported therapeutic response was improved by increasing the interferon dose 62. Systemic interferon alpha was more effective in females than males 64,65. There are few studies using other interferon types administered systemically to treat resistant anogenital warts; KirbyM reported a 7% complete response in patients treated with intramuscular interferon gamma, independant of interferon dose; Piccoli'" reported complete resolution of 100% of microcondylomata, 40% resolution of warts less than 30 mm-' in area, and 0% resolution of warts larger than 30 mm-, in patients treated with intramuscular interferon beta.
Interferon combination therapy of anogenital warts
Interferon has been used in combination with other therapeutic modalities to treat anogenital warts with varying results. Douglasf found IL interferon alpha plus topical podophyllin superior to podophyllin alone (67% versus 43% complete wart clearance), another study found IL interferon alpha plus podophyllin no more effective than interferon alone (31% versus 28% complete wart clearancejw. IL interferon alpha plus cryotherapy (51% cure) was superior to cryotherapy alone (15% cure)45; a study in our departments? showed subcutaneous interferon alpha plus cryotherapy (60.7% cure) no more effective than cryotherapy alone (67.9% cure). IL interferon alpha plus laser ablation was superior to laser ablation alone (81.5% versus 61.8% cure)7°; intramuscular interferon beta plus electrocoagulation was superior to electrocoagulation alone (90% versus 80% cure)67.
CONCLUSION
Interferon alpha has been shown to be effective therapy for up to 40% of adult-acquired chronic hepatitis B viral infection and is now licensed for this indication in the United Kingdom. Many patients with chronic hepatitis C infection also benefit from interferon alpha although the relapse rate remains high. High dose interferon alpha has been used with some success in patients with HIV associated Kaposi's sarcoma and clinical trials continue to assess its anti-HIV efficacy both as monotherapy or in combination with other antiviral agents.
Although the literature is confusing the vast majority of evidence suggests that interferon-single agent therapy of anogenital warts, and subclinical cervical HPV associated disease, is not superior to existing and far cheaper treatments. Further studies are required to establish if interferon in combination with other treatment modalities has a future role in the treatment of anogenital HPV infection. 
